Abstract: The effects of carboxyacyl phosphatidylethanolamine derivatives (CA-PE) on the physicochemical properties of liposomes were examined from standpoints of zeta-potential, agglutination, phase transition temperature, microviscosity and micropolarity. Absolute zeta-potential of liposomes containing Succinyl-PE or Glutaryl-PE exceeded that of those containing Dodecanyl-PE. The addition of Succinyl-PE or Glutaryl-PE to liposomes resulted in even less microviscosity close to membrane surfaces of liposomes, compared to Dodecanyl-PE. The exposure of hydrophilic moiety of Succinyl-PE or Glutaryl-PE on liposome surfaces and orientation of carboxyacyl groups of Dodecanyl-PE differing from that of other CA-PE may be explanation for these findings. Avidin-biotin reaction-induced agglutination of liposomes containing Succinyl-PE or Glutaryl-PE was found to be reduced, possibly due to a steric barrier of exposed hydrophilic groups of Succinyl-PE or Glutaryl-PE on liposome surfaces.
Introduction
Liposomal drug delivery systems have widely been researched as a sustained release system, as well as a targeted drug delivery system1), however, there are important drawbacks to their use in viva. Liposomes are rapidly removed from circulation following their intravenous administration primarily by Kupffer cells of the liver and fixed macrophages of the spleen2). It has been observed~~sa that liposomes containing negatively charged phospholipids such as phosphatidylserine and phosphatidylglycerol are removed more rapidly from the circulation and localized mainly in the liver and spleen. These negatively charged phospholipids are known to enhance liposome uptake by the reticuloendothelial system (RES) cellss5),6). Whereas phosphatidylinositol and gangCorresponding author: Masahiko ABE (at the Faculty of Science and Technology) lioside GMl, which are also negatively charged, inhibit the RES uptake and prolong the circulation time of liposomes2),7). Park et al.8) have shown that N-glutaryl dioleoylphosphatidylethanolamine (PE) is effective in prolonging the circulation time of liposomes while liposome uptake by the liver and spleen is increased by the addition of Nmalonyl PE or N-succinyl PE. These phenomena have been suggested in terms of a steric barrier to prevent opsonization of liposomes2),8),9) since the rate of liposome uptake by the RES is believed to be related to the process of opsonization of liposomes10). Many studies have been carried out from the viewpoint of biochemistry. The effect of negatively charged phospholipid derivatives on the liposomal state such as dispersibility and microviscosity of bilayer membranes have not made clear yet. In this study, some negatively charged liposomes containing N-carboxyacyl phosphatidylethanolamine derivatives (CA-PE) or other charged materials were prepared and the effects of Fig. 4 , where the molar ratio of charged material is 0.10 for DCP, DPPG or Dodecanyl-PE and 0.05 for Succinyl-PE or Glutaryl-PE, respectively. As is evident from Fig. 4 , the agglutination of liposomes containing Succinyl-PE or Glutaryl-PE is indeed delayed as compared with that of liposomes containing the other charged materials. Figure 4 suggests that the hydrophilic moieties of Succinyl-PE and Glutaryl-PE do expose on the liposome surface. The terminal carboxyl group with a longer hydrocarbon chain of Dodecanyl-PE is likely to orient near the bilayer membrane rather than the liposome surface, although the orientation of the hydrophilic group of Dodecanyl-PE have not investigated yet.
3.3 Effects of CA-PE on Phase Transition Temperature of DPPC Bilayer Membranes Lipid bilayer membranes are in gel state and liquid crystalline state below and above the phase transition temperature, respectively. Phase transition temperature of phospholipid is known17) to be dependent on the length of hydrocarbon chain, existence of unsaturated bond, or kind of hydrophilic group. Thus, the phase transition temperature of DPPC bilayer membranes containing CA-PE was measured, and the results were shown in Fig. 5 . Figure 5 (a) shows the DSC curve for DPPC bilayer membranes containing Succinyl-PE. The phase transition temperature of DPPC bilayer membranes was shifted to a lower temperature by the addition of Succinyl-PE, the peak became broad and small. In the case of Glutaryl-PE (Fig.  5(b) ) similar result was obtained. In the case of Dodecanyl-PE (Fig. 5(c) ) the shift of phase transition temperature to a lower temperature was not remarkable as compared with the cases of Succinyl-PE and Glutaryl-PE, although the peak similarly became broad and small. It has been reported18) that phase transition temperature shift toward a higher temperature results from the increase in the cooperative unit of phase transition. Namely, shift of phase transition temperature to a lower temperature implies a decrease in the interaction among phospholipid molecules.
The DSC curve (Fig. 5(c) ) for DPPC bilayer membranes containing Dodecanyl-PE with molar ratio 0.10 or 0.20 shows split peak. This may be connected with the orientation of Dodecanyl-PE in DPPC bilayer membranes. Taking account of the results obtained above sections, the carboxyacyl group with a longer hydrocarbon chain of Dodecanyl-PE is likely to orient near the bilayer center rather than the bilayer surfaces, thus a distribution of carboxyacyl chain of Dodecanyl-PE between outer and inner layers in bilayer membranes (similar to a flip-flop movement19) may be suggested.
Next, the relationship between the phase transition temperature and the molar ratio of CA-PE added was shown in Fig. 6 .
In the cases of Succinyl-PE and Glutaryl-PE the change in the phase transition temperature is large, while the change is small in the case of Dodecanyl-PE. The shift of phase transition temperature shown in Figs. 5 and 6 is considered No significant change in the micropolarity of liposomes was observed as seen in Fig. 8 . The micropolarity in the region near the bilayer center was independent of the kind and amount of charged material added. In the region near the bilayer center (hydrophobic region) the packing state of the lipid bilayer is likely to be almost the same even if various charged materials (CA-PE, DCP or DPPG) are included in liposomes.
From these results, it is suggested that the surface state (hydrophilic region) of liposomes containing Dodecanyl-PE is differ from that of liposomes containing Succinyl-PE or Glutaryl-PE while the packing state of the lipid bilayer in the region near the bilayer center (hydrophobic region) is almost the same among liposomes containing various CA-PE. The physicochemical result obtained in this study, such as the slower agglutination of liposomes containing Glutaryl-PE, is in agreement with the biochemical results8) that Glutaryl-PE prolongs the circulation time of liposomes. However, the significant difference between Glutaryl-PE and Succinyl-PE as reported in the biochemical study8) could not observed in this physicochemical study. Further experimentation is necessary to explain the difference in biochemical behavior between Glutaryl-PE and Succinyl-PE. We will investigate the molecular interactions between liposomes containing 
